Racial and ethnic disparities in hypertension are some of the most widely studied and consequential sources of social disparities in health in the United States.
Racial and ethnic disparities in hypertension are some of the most widely studied and consequential sources of social disparities in health in the United States. 1---3 For example, recent prevalence estimates show that roughly 40% of Black adults but only 30% of White adults have hypertension. 4 In addition, the incidence of hypertension occurs at younger ages for Blacks than Whites. 1 These disparities are reflected in the larger burden of hypertension-related health and economic costs carried by non-White than White Americans. For example, mortality rates attributable to hypertension are roughly 15 deaths per 100 000 people for White men and women; the mortality rate for Black women is 40 per 100 000 and more than 50 per 100 000 for Black men. 5 Among all health conditions, hypertension accounts for the greatest portion of disparities in years of lost life. 6 Economically speaking, if Black Americans had the hypertension prevalence of White Americans, about $400 million would be saved in out-ofpocket health care expenses, about $2 billion would be saved in private insurance costs, and $375 million would be saved from Medicare and Medicaid-per year. 7 Despite the tremendous amount of research devoted to clarifying the factors that generate these disparities, most studies find that they persist after adjustment for a wide range of socioeconomic, behavioral, and biomedical risk factors. 8 In fact, although disparities exist for several of these risk factors (e.g., socioeconomic status), numerous studies have shown no disparities in many others (e.g., smoking, obesity for men, lipid profile). 2 Despite substantial investment in interventions to eliminate hypertension disparities, evidence suggests that these disparities have actually grown over the past few decades, 9 suggesting that numerous unknown factors drive disparities in hypertension. 3 
CHRONIC STRESS AND RACIAL DISPARITIES IN HYPERTENSION
Growing evidence links chronic psychological stress to cardiovascular disease, including hypertension, and suggests that the impact of stress may be as important as other risk factors, such as cholesterol. 10 In particular, researchers argue that because of sustained effects on numerous physiological systems, the anticipation of or perseveration about (i.e., continual, perhaps involuntary, repetition of a thought) a stressor (e.g., financial or marital difficulties) is what gives chronic stress its toxic qualities. 11 Indeed, researchers have reported that the physiological (i.e., autonomic) stress effects attributable to the combination of stressors and worry are similar to the physiological effects of smoking. 12 Many theorize that chronic stress is an important determinant of racial/ethnic disparities in health, including hypertension. 9, 13 Moreover, researchers posit that perceptions of racial/ethnic discrimination (defined as chronic or acute experiences with unfair treatment or abusive behavior because of their race/ethnicity) are an important mechanism through which disparities in health, including hypertension, are produced and maintained. 10, 14---16 However, empirical evidence has been mixed, 17, 18 possibly because discrimination measures generally do not account for the anticipation or perseveration that may make this type of stressor pathogenic. Some have begun to examine the anticipatory and perseverative stress associated with racial and ethnic discrimination. For example, researchers recently reported that anticipation of ethnic discrimination was inversely associated with health in a Swedish sample. 19, 20 In the United States, researchers reported poorer cardiovascular outcomes, including less elasticity in large arterial vessels and higher blood pressure reactivity for those reporting higher than lower levels of anticipated racial discrimination, which the authors termed racismrelated vigilance. 21, 22 We examined the role of racism-related vigilance in racial/ethnic disparities in hypertension prevalence in a population-based sample. We first examined whether vigilance mediated racial/ethnic disparities in hypertension prevalence. In other words, we assessed whether racial/ethnic disparities in Objectives. We investigated the association between anticipatory stress, also known as racism-related vigilance, and hypertension prevalence in Black, Hispanic, and White adults.
Methods. We used data from the Chicago Community Adult Health Study, a population-representative sample of adults (n = 3105) surveyed in 2001 to 2003, to regress hypertension prevalence on the interaction between race/ethnicity and vigilance in logit models.
Results. Blacks reported the highest vigilance levels. For Blacks, each unit increase in vigilance (range = 0-12) was associated with a 4% increase in the odds of hypertension (odds ratio [OR] = 1.04; 95% confidence interval [CI] = 1.00, 1.09). Hispanics showed a similar but nonsignificant association (OR = 1.05; 95% CI = 0.99, 1.12), and Whites showed no association (OR = 0.95; 95% CI = 0.87, 1.03).
Conclusions. Vigilance may represent an important and unique source of chronic stress that contributes to the well-documented higher prevalence of hypertension among Blacks than Whites; it is a possible contributor to hypertension among Hispanics but not Whites. hypertension prevalence were reduced when we accounted for racial/ethnic disparities in vigilance. In light of racial/ethnic disparities in exposure to stressors (e.g., vigilance), many researchers theorize that mediation is an important mechanism by which stress links race/ethnicity to health. 9,23---25 However,
there is a dearth of empirical evidence, which may be attributable to challenges in the measurement of racially salient stress. 13, 25 Second, because it may be that racism-related vigilance is salient only for non-White groups, we examined whether vigilance modified racial/ethnic disparities in hypertension prevalence. In other words, we asked whether increasing levels of vigilance were associated with wider racial/ethnic disparities in hypertension prevalence. The clinical and public health implications of this research are substantial because chronic psychological stress is increasingly recognized as an important risk factor for hypertension and for cardiovascular disease more broadly.
METHODS
We used data from the Chicago Community Adult Health Study, a cross-sectional survey designed to examine the biological, social, and environmental correlates of adult physical and mental health. The study collected a multistage probability sample of 3105 adults, aged 18 years and older, living in Chicago, Illinois, stratified into 343 neighborhood clusters. Neighborhood clusters usually comprised 2 census tracts with meaningful physical and social boundaries. Study staff conducted faceto-face interviews with and took direct physical measurements from 1 respondent per household between May 2001 and March 2003, with a response rate 71.8%.
Variables
Trained technicians obtained 3 seated blood pressure measurements about 1 minute apart with Omron oscillographic devices (Omron Healthcare Inc, Lake Forest, IL). Measurements were taken in the middle of the interview after the participant had been seated for approximately 45 to 60 minutes. We took the average of the last 2 blood pressure measurements taken or, if only 2 were recorded, the average of those 2 blood pressure measurements. We defined hypertension as having a systolic blood pressure of 140 millimeters of mercury or higher, a diastolic blood pressure of 90 millimeters of mercury or higher, a report of antihypertensive medication use in the past 12 months, or a report of being told by a physician that the respondent had hypertension, a definition consistent with the literature on cardiovascular disease from the American Heart Association. 5 We based racism-related vigilance measures on ethnographic research describing how participants anticipated and prepared for racial discrimination. 26, 27 We created a scale from responses to the following questions:
In your day-to-day life, how often do you do the following things: (1) try to prepare for possible insults from other people before leaving home? (2) feel that you always have to be very careful about your appearance to get good service or avoid being harassed? and (3) try to avoid certain social situations and places? Responses were on a Likert-like scale (0 = never, 1 = < once/year, 2 = a few times/year, 3 = a few times/month, and 4 = ‡ once/week). We reverse-coded responses and summed to create a continuous scale, with higher values representing higher levels of vigilance (Cronbach a = 0.66). We categorized respondents as non-Hispanic White (White), non-Hispanic Black (Black), Hispanic, and nonHispanic other (which included American Indian, Asian, and Pacific Islander). Because the last racial category constituted only 4% of the sample and was a mixture of races, making interpretation difficult, we reported these results in the tables for completeness, but did not analyze them.
Analyses
For descriptive analyses, we estimated means with standard errors of continuous variables and percentages of categorical variables in the total sample and by race/ethnicity. We included standard errors rather than standard deviations because we used multiply imputed data. We also estimated the percentages of each response of the vigilance measure in the total sample and by race/ethnicity. We used the t test and the v 2 test to test for differences by race/ethnicity. For our main analyses, we regressed hypertension on race/ ethnicity, vigilance, their interaction, and covariates with logit models. We first regressed hypertension prevalence on race/ethnicity, with control for age, gender, and immigrant generation ( ‡ third, second, first; model 1). We then added education (< 12, 12---15, > 15 years) and annual household income (logged; model 2).
To examine whether vigilance mediated racial/ethnic disparities in hypertension, we then ran a series of 3 models, as recommended in the literature. 28 In separate models, we regressed vigilance on race/ethnicity in a linear model and hypertension prevalence on vigilance in a logit model, with control for the variables in model 2, except race/ethnicity. We did not show these results in the tables, because, although 2 criteria for mediation were met (i.e., race/ethnicity was associated with vigilance and vigilance was associated with hypertension prevalence), the third criterion was not met (the addition of vigilance to model 2 [i.e., model 3] did not attenuate the association between race/ethnicity and hypertension prevalence).
To examine whether vigilance modified racial/ethnic disparities in hypertension, we added the interaction between race/ethnicity and vigilance (model 4). In our final model, we controlled for numerous additional hypertension risk factors: body mass index (defined as weight in kilograms divided by the square of height in meters), average intensity of weekly physical activity (0 = in bed or chair or no exercise, 1 = light exercise, 2 = light---moderate exercise, 3 = moderate---heavy exercise, 4 = heavy exercise), smoking status (never, former, current), average number of alcoholic drinks per month, and diabetes status (report of being told by a physician that the respondent had diabetes). In this model, to examine the role of racism-related vigilance in the presence of perceived discrimination, we also included 2 widely used measures of perceived unfair treatment (model 5). 14 We measured major events of unfair treatment as the sum of affirmative responses to the following 4 questions: Have you ever been unfairly (1) fired or denied a promotion? (2) not hired for a job? (3) treated by the police? (4) prevented from moving into a neighborhood? We measured everyday unfair treatment on a scale created from the following questions: In your day-today life, how often (1) are you treated with less courtesy or respect than other people? (2) are you threatened or harassed? (3) do you receive poorer service than other people at restaurants and stores? (4) do people act as if you are not smart? (5) do people act as if they are afraid of you? Responses were on a Likert-like scale (1 = ‡ once/week, 2 = a few times/month, 3 = a few times/year, 4 = £ once/year, 5 = never). We reverse-coded and summed responses to create a continuous scale in which higher numbers represented reports of more frequent unfair activity. We calculated the partial effects of vigilance for each racial/ethnic group after estimation, as the product of a vigilance coefficient (i.e., the association between vigilance and hypertension prevalence for Whites) and the appropriate interaction coefficient (i.e., the association between vigilance and hypertension prevalence for Blacks or Hispanics, beyond the association for Whites). We estimated the partial effects while holding covariates at their reference category (for categorical variables) or mean (for continuous variables).
We handled missing information on blood pressure, income, and vigilance in 2 ways, according to the amount of missing data and existence of influential outliers. First, for variables with substantial missing information, we multiply imputed blood pressure (n = 155) and income (n = 501) data with IVEware 0.2 (University of Michigan, Ann Arbor) via SAS 9.2 (SAS Institute, Cary, NC). Second, we excluded respondents with missing information on vigilance (n = 11) from final analyses, for a final sample size of 3094. In sensitivity analyses, we ran all models on the unimputed data set, and the results were similar to those presented (results not shown). We also included different transformations of the vigilance measure, specifically continuous measures, which we squared and cubed, and an ordinal measure of the quartiles of the distribution (data not shown, but qualitatively similar to those presented). To examine whether this vigilance measure was different than other stress measures, we included a stressful life events inventory in model 4 in sensitivity analyses. Results were nearly identical to those presented. We weighted all analyses to account for complex survey design, differential selection into the sample, nonresponse, and household size. With respect to age, race/ethnicity, and gender, the distribution of the weighted sample and the 2000 Census estimates were comparable to the City of Chicago. We conducted all analyses in Stata 11.0MP (StataCorp, College Station, TX) with both the MI and SVY suite of commands to account for the multiply imputed data and complex survey design, respectively.
RESULTS
Descriptive statistics for hypertension prevalence and the covariates, broken down by race/ethnicity, are presented in Table 1 . Similar to national estimates, hypertension in this sample was significantly more prevalent among Blacks (49%) than Whites (33%) and Hispanics (32%). Vigilance was highest among Blacks (mean = 3.8; SE = 0.1), followed by Hispanics (mean = 2.5; SE = 0.1), and Whites (mean = 1.8; SE = 0.1). Furthermore, Blacks were more likely to report the highest frequency of vigilant behaviors. For example, 14% of Blacks reported preparing for insults weekly; only 2% of Whites and 5% of Hispanics reported this type of vigilance (Table A, available as a supplement to the online version of this article at http://www.ajph.org).
Odds ratios (ORs) from logistic regression models for the race/ethnicity dummy variables, the vigilance scale, and interactions between race/ethnicity and vigilance are reported in Table 2 (the complete set of model coefficients are in Table B , available as a supplement to the online version of this article at http://www. ajph.org). Blacks and Hispanics had a higher likelihood of hypertension than Whites, after sequential adjustment for age, gender, and immigrant generation (model 1) and then income and education (model 2).
We examined the mediating role of vigilance in the association between race/ethnicity and hypertension prevalence in 3 models, as discussed in the literature. 28 First, we examined the association between race/ethnicity and vigilance and found that, after adjustment for the covariates in model 2, Blacks reported higher levels of vigilance than did Whites (b = 1.51; 95% confidence interval [CI] = 1.18, 1.83). Hispanics did not differ from Whites in levels of vigilance (b = 0.92; 95% CI = 0.54, 1.31). Second, we examined the association between vigilance and hypertension prevalence and found that, after adjustment for the covariates in model 2 except race/ethnicity, vigilance was associated with a greater likelihood of hypertension (OR = 1.04; 95% CI = 1.00, 1.08). Third, we added vigilance to model 2 and examined whether the disparities in hypertension prevalence were attenuated (model 3). The race/ethnicity coefficients were nearly unchanged. We then examined the modifying role of vigilance on the association between race/ ethnicity and hypertension prevalence. In model 4, we estimated this association separately for each racial/ethnic group through the introduction of interaction terms. With these interaction terms, the race/ethnicity coefficients indicated the racial/ethnic disparities in hypertension prevalence, when vigilance was zero. Blacks still showed a greater likelihood of hypertension than Whites, but the difference in odds was smaller than in previous models. Hispanics no longer showed a greater likelihood of hypertension than Whites. The vigilance coefficient in model 4 indicated that Whites (the reference racial/ethnic category) did not show an association between vigilance and hypertension prevalence. Furthermore, as shown by the interaction terms, the association for both Blacks and Hispanics was positive and statistically significantly different from that of Whites. The product of the vigilance and interaction terms showed the race/ethnicity---specific associations between vigilance and hypertension prevalence (Table 2) . Vigilance had a significant and positive association with hypertension prevalence among Blacks (OR = 1.04; 95% CI = 1.00, 1.09), meaning that a 1-point increase in vigilance was associated with a 4% increase in the odds of hypertension. This association was similar for Hispanics, but only reached marginal statistical significance (OR = 1.05; 95% CI = 0.99, 1.12). Vigilance was not significantly associated with hypertension prevalence for Whites (OR = 0.95; 95% CI = 0.87, 1.03).
The significant interactions in model 4 between vigilance and both Black and Hispanic race/ethnicity suggest that Black---White and Hispanic---White disparities in hypertension varied significantly over levels of vigilance. These associations are seen more clearly in Figure 1 , which shows plots of the predicted probabilities of hypertension prevalence for Blacks and Whites and Hispanics and Whites. As vigilance scores increased, the predicted probability of hypertension increased for Blacks and Hispanics but not Whites, which yielded an increased racial/ethnic disparity in hypertension prevalence.
After adjustment for hypertension risk factors and measures of discrimination (model 5), the racial/ethnic disparity in hypertension prevalence when vigilance was zero was attenuated for both Blacks and Hispanics and was no longer statistically significant for Blacks (OR = 1.27; 95% CI = 0.89, 1.81; Table 2 ). The other coefficients in the interaction did not change markedly with further adjustment of the hypertension risk factors. These results were nearly identical to a separate model that included the hypertension risk factors but did not include the discrimination measures (results not shown). 
DISCUSSION
We examined the notion that a racially salient stressor contributes to racial/ethnic disparities in hypertension prevalence. Our results suggest that the stress of racismrelated vigilance, with its anticipatory and perseverative qualities, is an important determinant of racial disparities in hypertension. We found that Blacks reported higher levels of vigilance than both Whites and Hispanics. Not only did they have the highest mean vigilance score, but they were also more likely to report weekly vigilance than were the other racial/ethnic groups. We found that vigilance was positively associated with hypertension prevalence for Blacks but not Whites. As vigilance increased, the Black---White disparity in hypertension prevalence also increased. Although not statistically significant, our results suggested similar experiences for Hispanics. Research has shown that racial bias and discrimination are embedded in numerous domains of US society that are relevant to health, ranging from education to employment to neighborhood quality to health care access and quality. 29---33 Although bias and discrimination are pervasive, it is the certain threat of discrimination combined with the uncertainty of exactly which situations it will occur in that is likely driving vigilant behavior. Uncertainty is derived from at least 2 sources: first, bias and discrimination are not present in every situation, and second, the nature of modern discrimination is often subtle and ambiguous. 34 The resulting heightened vigilance reflects the reality that one can never truly relax and must always be prepared for discrimination. For example, psychologists use the term racial microaggressions to describe brief and commonplace daily verbal, behavioral, or environmental indignities, whether intentional or unintentional, that communicate hostile, derogatory, or negative racial slights and insults toward people of color. 34(p271) Moreover, psychologists have shown that uncertainty regarding a stressor results in vigilance about that stressor. 35 Social scientists have documented that Blacks prepare themselves daily for bias and discrimination through such behaviors as the anticipation of discrimination and the negotiation of social spaces (e.g., avoiding certain places). 27 The perseverative and anticipatory nature of vigilance sets it apart from traditional notions of perceived racial discrimination. For decades, a large scientific and lay literature has provided evidence of both the perseverative and anticipatory consequences of interpersonal and societal discrimination. In qualitative studies, social scientists often report on the way Blacks continually think about the potential for discrimination. 36 It may be that racism-related vigilance is particularly toxic for Blacks because it reflects living with the threat of and preparation for discrimination in the daily negotiation of situations that are common features of life in a society (e.g., shopping, banking, employment). This constant vigilance can lead to wear and tear on bodily functions. 37 Our measure of racism-related vigilance was based on results from ethnographic work in Black American samples, but our results suggest that similar mechanisms may operate for Hispanics as well. Although the mean vigilance score was lower for Hispanics than for Blacks, we observed a similar positive association between vigilance and hypertension. In a recent laboratory study of Hispanic women, researchers reported greater cardiovascular reactivity in response to a stress test among participants who believed that they were working with others who held prejudiced views of non-White Added smoking, physical activity, alcohol use, body mass index, diabetes, everyday discrimination, and major discrimination to covariates in models 2 to 4. d Calculated after estimation as the product of the vigilance and interaction terms.
groups. 22 The authors concluded that the anticipation of discrimination may be an important source of stress and that "vigilance for prejudice may be a contributing factor to racial/ethnic health disparities." 22(p1020) Our results support the notion that racismrelated vigilance is an important determinant of hypertension in Blacks (and perhaps Hispanics) through the continual activation of the biological stress response systems (e.g., autonomic and hypothalamic---pituitary---adrenal systems) characteristic of this type of anticipatory and perseverative stress. Researchers argue that repeated activation of the biological stress response systems results in their dysfunction, which some have termed allostatic load. 38 The body's inability to respond properly to further stress (acute or chronic, physical or psychological) results in the increased oxidative stress and inflammation that characterize numerous cardiovascular and cardiometabolic diseases. We found that when vigilance is at its lowest level (zero), racial/ethnic disparities in hypertension were small-and were substantially attenuated after adjustment for hypertension risk factors. Yet, as vigilance increased, disparities increased and were not changed with adjustment for these risk factors. These results suggest that focusing only on conventional risk factors will not eliminate hypertension disparities. Furthermore, despite the focus on conventional risk factors, a recent report on Healthy People 2010 stated that, over the previous decade, racial/ethnic disparities had not changed for 69% of the Healthy People outcomes monitored and had actually increased for 15% of these outcomes. 39 Our results support an argument that we need to think more broadly about the contexts that shape health disparities in hypertension. 40 Indeed, a growing body of research indicates that the conditions in which individuals live and work have an enormous impact on health before they even make contact with the health care system. Therefore, efforts to reduce these disparities will require expanding our focus beyond medical care and personal behaviors to the broader social and economic contexts that influence health, in part by enabling or constraining healthy behaviors.
41(p10)

Limitations
Our sample was from a single city-Chicagoand although it was representative of the population of the city, future work is needed with other samples. Our data were also cross-sectional, so we could not determine the effect of vigilance on the risk of hypertension. Nonetheless, the data set was large and population based, and it was one of the only data sets available with objectively measured blood pressure and a measure of racism-related vigilance.
Although the Cronbach a for the vigilance measure was only marginally acceptable, this may be attributable to the scale's size: only 3 items. Furthermore, the low a provided for a conservative estimate of the association between vigilance and hypertension prevalence.
Conclusions
We carried out the first examination of racism-related vigilance and its role in hypertension disparities. We showed that racism-related vigilance is associated with hypertension, particularly for Blacks and perhaps for Hispanics, but not for Whites, and that this results in an increasing racial disparity in hypertension as vigilance increases. Our results compel those who seek to eliminate racial and ethnic health disparities to move beyond traditional notions of individuallevel risk factors for disease to the broader social determinants that drive racism-related vigilance. j
